Integration of alternative sources of energy into a network for distributed generation (DG) requires small-scale power generation technologies located close to the loads served. The move toward on-site distributed power generation has been accelerated because of deregulation and restructuring of the utility industry and the feasibility of alternative energy sources. DG technologies can improve power quality, boost system reliability, reduce energy costs, and defray utility capital investment. This paper presents techno economic analysis of optimally located and sized various DG technologies in a radial distribution system. The impact of DG on the system voltage profile and line losses is also evaluated. This has been accomplished by two parts, part one examine technical benefits of integration of a DG unit to different buses of distribution system and varying DG unit size in a 30 bus radial distribution system. Part two examine the implementation viability of the project; a detailed financial evaluation has been carried out for various DG technologies which are available in the market for commercial use. The results show that there is significant improvement in voltage profile, reduction in line loss and consequently the utility can gain financial benefits when DG is incorporated into the system.
INTRODUCTION
Studies have showed that as much as 13% of total power generated is wasted as losses at the distribution level [1] . As a result, loss reduction in distribution system is one great challenge to many utilities around the world. Reconfiguration and capacitor placement is the two major methods for loss reduction in distribution systems. Advances in generation technology, new directions in electric industry regulation and environmental emissions have favored a significant increase of DG. It is reported that 25%-30% newly built generation capacity around the world will be as DG [2] . Several DG technologies have reached in a developed stage allowing for a large scale implementation within existing electric utility system [3] . The development and growing interest in renewable sources of energy such as wind, solar, geothermal, biomass, small hydro etc, all over the world, make these technologies suitable for integration into distribution network [4] . In the last few years, there has been significant contribution to research in DG resource planning. Normally, DGs are integrated in the existing distribution system, and the planning studies have to be performed for optimal location and sizing of DGs to achieve maximum benefits. Inappropriate selection of the location and size of DG may lead to greater system loss than the loss without DG [5] . The contribution of DG on loss reduction is presented with the DG capacity, location and operating power factor [6] . A power flow algorithm has been developed based on the summation of currents backward-forward sweep technique [7] . Reconfiguration problem is solved through a heuristic methodology and loss allocation function based on the Z-bus method, is presented. A technique for evaluation of optimal power flow for the connection of DG is presented in [8] . The Genetic Algorithm (GA) based method to determine size and location is used in [9] . GA's are suitable for multi-objective problems like DG allocation, and can give near optimal results. A new heuristic approach for DG capacity investment planning from the perspective of a distribution company is presented [10] . Optimal sitting and sizing decisions for DG capacity is obtained through cost-benefit analysis approach based on a new optimization model. The model aims to minimize the distribution companies' investment and operating costs as well as payment towards loss compensation. A value based planning of DG placement method considering different constraint is presented in [11] . Optimal placement of DG considering economic operational limitations of DG is presented in [12] . A technique has been proposed in [13] to identify the impact of DG on power system. The analysis shows the optimal DG mix at various facility outage costs with and without emission restriction. An improved analytical method is proposed in [14] to find the optimal sizes, optimal locations of various types of DG. It also presents the importance of operating DGs that are capable of delivering both real and reactive power at the proper power factor to achieve minimum loss. Hedayati.et.al. [15] proposed a method based on continuous power flow. In this method they first determine the most sensitive buses to voltage collapse. After that, the DG units with certain capacity will be installed in buses via an objective function and an iterative algorithm. However, these works does not discuss about viability of project implementation in terms of economics as well as environmental benefits.
IDENTIFICATION OF OPTIMAL LOCATION AND CAPACITY OF DG
To assess the impact of DG, the DG unit is connected to one of the buses at a time and its effect on bus voltage and line losses (real power) are studied. The location of DG is varied from bus 2 to bus 30 except bus 1, since it is the source bus or sub-station bus. Note that addition of DG at bus 1 has no effect. Keeping the output DG capacity constant, the position of the DG is changed from bus 2 to bus 30 and the effects on the above parameters are observed. Then the DG capacity is increased in steps of 10% and the same procedure is carried out for each variation of the capacity (i.e. capacity of DG is equal to percentage of total load plus line loss). The optimal location of DG in terms of bus number is determined by the bus that yields minimum line loss. For each variation of DG capacity, line loss has been calculated. This procedure creates a set of solutions, out of all solutions the one that is optimal is chosen as the final solution (location and capacity of DG). The line losses for the system with variation of DG capacity are given in Table. 1. The effects of integration of DG were analyzed in the next section.
INTEGRATION OF DG
The location of DG is varied from bus 2 to bus 30 except bus 1, since it is the source bus or sub-station bus. Note that addition of DG at bus 1 has no effect. For each location from bus 2 to bus 30 rated MW DG capacities is varied from 10% to 100% of the total load in steps of 10%. For each case the total line loss in terms of percentage of total load and improvement in bus voltage is calculated. The results such as line loss for the test system with DG capacity for 10% to 100% of total load plus losses are given in Table. 1. It is observed that there is an appreciable reduction in line loss at the initial stages of DG addition, i.e., at 10% and 30% range and the losses further decreased as the size reaches to 60%. Hence for optimal utilization, a DG should be so chosen that it has to operate within the range of 0% to 60% of total load plus losses. Optimal size and location of DG is also calculated for the test system is 60% of the total load plus losses and bus 21. Then the total line loss (in terms of total load) and improvement in voltage profile (p.u) are calculated. The results such as optimal capacity, optimal location and reduction in line loss for the test system are given in Table 2 . Improvement in voltage profile and line loss profile for the test system with and without DG with respect to their locations are plotted in Fig 1 and Fig 2 for illustration. It is observed that there is an appreciable reduction in line loss and significant improvement in voltage profile. 
COST BENEFIT ANALYSIS
The approximate daily load curve of the test system is given in Fig 3. The load curve shows the amount of load in MW that the test system supplies throughout a day and is plotted in MW verses hours. From the curve the load demand varies from 5.5 MW during midnight hours, 10 MW during day time to 13 MW during evening hours. The average load demand found to be 8.7163 MW. Table 3 being connected to their respective optimal locations. For base case NPV analysis fixed cost of 1 MW DG plant is assumed at the rate of 20, 00,000 $/MW. When DG is connected to the system it is not run at 100% of rated capacity throughout the day. 
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The hourly loading pattern for 24 hours of a day on DG may be scheduled as  22 hr to 24 hr and 00 hr to 04 hr (06 hrs) 30% of rated capacity  04 hr to 08 hr and 12 hr to 17 hr (09 hrs) 50% of rated capacity  08 hr to 12 hr and 17 hr to 22 hr (09 hrs) 100% of rated capacity Plant load factor (PLF) for a day = ∑ (Duration in hours*percentage of rated capacity utilization)/24 = (6*0.30+9*0.50+9*1)/24 = 63.75% The pattern of loading may vary but it will consider the PLF as 63.75% throughout all other calculations DG kWh = P DG *24*PLF (1.1)
KWh loading of DG = rating of DG in KW * hours of the day * PLF = 5.75688(60%)*1000*24*0.637 = 88011 KWh or units/day DG income has the two aspects, one is income from energy generated and the other is from saving of energy due to line loss reduction. The calculation procedure for those incomes as follow:
DG a.inc = C elect *365(DG kWh + P LLR *PLF*24) (1.2)
Calculation procedure for optimal DG capacity:- Fundamental to finance is the concept of "time value of money," where the assumption is that money is worth more in your hand today then tomorrow. For example, money available now can be invested to generate interest and revenue which is a lost opportunity if one has to wait for money to have at their disposal. The NPV, or net present worth (NPW), of a time series of cash flows, both incoming (positive) and outgoing (negative), is defined as the sum of the present values (PVs) of the individual cash flows [16] . If all future cash flows are incoming and the only outflow of cash is the purchase price, the NPV is simply the PV of future cash flows minus the purchase price [16] . NPV is a valuable tool in discounted cash flow (DCF) analysis, is a standard method for using the time value of money to appraise long-term projects and is used for capital budgeting to measure the excess or shortfall of cash flows in present value terms once financing charges are met [16] . In this case, the financial benefit to LDCs of increased DG uptake at strategic locations on the distribution feeder is evaluated using NPV analysis. The NPV of a sequence of cash flows takes as input the cash flows and a discount rate or function and outputs a price; the converse process in DCF analysis -taking a sequence of cash flows and a price as input and inferring as output a discount rate (e.g. "break even" discount rate which would yield the given price as NPV) is called the yield, and is more commonly used in finance, e.g. bond trading [17] . In this paper, a planning period of twenty years was used to standardize the time horizon so that a NPV analysis can be performed and the financial benefits can be compared in present value terms. Below are the expressions used in the NPV analysis.
C DGO&M = C OMDG * DG kWh *365 (1.3)
C DGenvcost = DG kWh *C emiscost *365 (1.5)
DG NPV = -C DGinstcost + (DG inaftax ) (1.10)
For base case NPV analysis, it is assumed that the operation and maintenance cost (O&M) and depreciation cost is 5% of DG installation/investment cost. The equipment cost will be written off to depreciation over a project life of 20 years. The tax on income is assumed as 10% per annum and a 10% rate of return per annum is expected as minimum but which may be nullified by the hike of electricity tariff at the same rate. To evaluate the impact of DG capacity on financial benefits, NPV analysis has been performed on 30%, 50% and 60% DG capacities. The financial analysis results for 30%, 50% and 60% DG capacities are given in Fig 4and Fig 5. From Fig 4 and Fig 5 it is observed that the year of cost recovery and return on investment is varying with variation of DG capacity, which represents a profitable operation.
SELECTION OF SUITABLE DG TECHNOLOGY
DG technologies can be classified as renewable and nonrenewable. Renewable include photovoltaic, wind, geothermal, tidal, ocean. Nonrenewable include internal combustion engine (gas or diesel or heavy oil), micro turbine, fuel cells [18] . Almost all renewable DG technologies are non dispatchable. For example wind turbine cannot be installed in Table 4 . In the present study assuming the presumed benefits of DG technologies, a selection process is carried out for the implementation of project based on NPV analysis. Significant emission cost of each DG technology has been calculated based on [26] and presented in Table 4 , where emission includes pollutants like Co2, So2, Co, No x . Based on Table 4 , NPV analysis has been carried out for various DG technologies including environmental costs, and results are illustrated in Fig 6 and Fig 7. From Fig 6 and Fig 7, it is noticed that all DG Technologies doesn't yield financial benefits during the project period even though the emission cost is negligible for technologies like WT and PV (this is due to their higher initial investment cost as compared to other DG technologies). Table 5 . sets out typical life-cycle CO2 emissions of the major forms of electric power generation technologies. Through the data in this table, it is found that CO2 emissions from coal and biomass technologies are far exceeded those of renewable energy technologies. Meanwhile it is observed that PV, WT, MH and FC technologies are being regarded as an environmentally friendly generation type. Cumulative reduction of CO2 over the project period has been calculated based on [27, 28] . Cumulative reduction as well as production of CO 2 over the project period in the presence of different DG technologies is illustrated in Fig 8 and Fig 9. 
CONCLUSIONS
In this paper, impact of DG on techno economic benefits has been studied. Using 30-bus radial distribution test system and DG capacities of 30%, 50% and 60% of total load plus losses, the voltage profile and the real power loss has been analyzed and significant improvement in voltage profile and reduction in line loss is observed. For optimal utilization, a DG capacity should be chosen that it has to operate with the capacity of 60% of total load plus losses. Profits have been estimated in financial terms by performing NPV analysis for 20 years of project period. It can be concluded that a distribution company will definitely make profit only if a suitable size DG plant is strategically placed in the distribution system. For the implementation of project, a selection process is carried out for suitable DG Technology and estimated the financial benefits by considering emission cost and outage cost of DG. It is recognized that selection of technology represents only a technical option. The underlying economic reality and financial benefits will determine whether this option is used or not. In view of financial benefits not all DG technologies are suitable for implementation of the project. It is observed that greater use of renewable energy DG technologies can significantly reduce the carbon intensity (CO 2 emission) of electricity generation in power sectors that are dominated by fossil fuel power plants. Please note that, while the underlying method and evaluation of DG in a radial distribution system can be applied elsewhere. But, the financial results and environmental benefits obtained in this study are purely subjected to literature which cannot be generalized.
